In many studies, obesity has been associated with morbidity or mortality, but only a few have studied the relation between obesity and sick leave. Our aim is to analyse the independent effects of both adiposity and body fat distribution in relation to the 1-y incidence of sick leave in a large cohort of male and female workers covering a variety of occupations, taking into account a wide range of socio-demographic, behavioural and bioclinical variables. DESIGN AND SETTING: The baseline survey of the Belstress study was conducted in 25 companies across Belgium between 1994 and 1998. A cohort of 20 463 workers (15 557 males and 4906 females) aged 35-59 y was followed for absenteeism during 1 y. The 75th percentile of the distribution of the total annual sickness days was used as a cutoff to classify the workers with a high 1-y incidence rate of sick leave. The relation between sick leave and both obesity and body fat distribution assessed by the body mass index (BMI) and the waist circumference, respectively, was analysed by multivariate logistic regression models. RESULTS: Using a backward procedure based on the likelihood ratio, we found central abdominal fatness to be an independent predictor of sick leave in both genders (high sick-leave incidence and long spells), but not BMI. In men, the odds ratios was 1.31 (99% CI 1.12-1.52, Po0.0001) and in women it ranged from 1.32 (99% CI 1.03-1.70, P ¼ 0.005) to 1.47 (99% CI 1.14-1.90, Po0.0001). Two baseline covariables, respiratory problems and perceived health, are confounders or mediators. CONCLUSIONS: In this study, body fat distribution was associated with a high annual sick-leave incidence and long spells of sickness absence. If this link is reversible, employers may benefit from programs aiming at the prevention and treatment of central obesity.
Introduction
Several studies have found that obesity is associated with a wide variety of health problems [1] [2] [3] [4] [5] and an increased risk of mortality. 6 Although different types of obesity have been described for a long time, 7 it is only more recently that researchers demonstrated the complementary effect of obesity and body fat distribution on health. It is increasingly recognised that general obesity measured by Body Mass Index (BMI) and abdominal obesity measured either by the waist-over-hip circumference ratio (WHR) or waist circumference are two separate clinical entities with different aetiologies and risks. 4, 8 Contrary to general obesity, abdominal obesity is more associated with endocrine abnormalities 4, 9, 10 (hyperactivation of the hypothalamo-pituitaryadrenal axis (HPA), hypercortisolaemia, increased blood testosterone in women) as well as with metabolic, haemodynamic and thrombogenetic disorders (non-insulino-dependent diabetes, insulin resistance, hypercholesterolaemia, increased portal free fatty acid, hypertension, increased fibrinogen). Hence, it is not surprising that a measure of intra-abdominal fat is a stronger predictor of coronary heart disease, stroke, premature death and several cancers 8 than BMI. Obesity is also associated with poor psycho-social functioning: depression, anxiety, stress, poor coping as well as psychological problems [11] [12] [13] [14] [15] and poor quality of life, 3, 16 resulting in functional impairment and loss of working capacity. 17 Some authors studied the relation between sick leave and obesity 1, 4, [17] [18] [19] [20] and found a significant positive association. However, most of these studies do not take into account the body fat distribution; most are based on a crosssectional design and/or are based on self-reported sick leave. Moreover, important factors linked with sick leave and obesity such as perceived stress, anxiety and depression are not taken into account. In Belgium, all workers are entitled to medical insurance and, in order to benefit from it, a certificate from a medical doctor is required for all spells of more than 1 day of absence. In this way, medically certified absence is an important and a convenient measure of workers' health and a measure of health services utilisation. The aim of the present study is to evaluate the independent effect of obesity on sick leave, taking into account a wide range of psycho-socio-demographic variables, lifestyles and other risk factors, and to test the mediator effect of some variables such as respiratory symptoms, angina and general health perception.
To our knowledge, our study is one of the largest prospective studies that examine the relation between obesity and objective measures of sick leave in a large multi-occupational and multi-sectorial cohort of both genders, taking into account a large number of potential confounding variables.
Study group and methods

Study group
The design and methods of the study have been described in detail. 21, 22 We will only summarise them here.
The fieldwork in 25 large companies or public administrations across Belgium has been conducted in the period between 1994 and 1998. Of all those on the payroll, a total of 21 419 subjects aged 35-59 y accepted to participate in this study, which represents 48% of all eligible subjects.
Methods
The main variables below were recorded by a self-administered questionnaire:
Socio-demographic. Age, sex, marital status, level of education, mother tongue and country of birth.
Occupation. Job title was classified using the International Standard Classification of Occupations (ISCO-88) 23 divided into three categories (ISCO 1, 2 ¼ Occupational class I (managers, professionals), ISCO 3, 4, 5 ¼ Occupational class II (technicians, clerks-service workers), ISCO 7, 8, 9 ¼ Occupational class III (craft and trade workersFmachine operators and elementary occupations)).
Both education and occupation are used as proxy for the socio-economic status. 24 Cardio-respiratory symptoms. Exertion dyspnoea and angina. 25 Health perception. The 'Current Health Index' (CHI) is a score computed from the Vragenlijst Over Ervaren Gezondheid (VOEG) scale (questionnaire on experienced health), a Dutch scale built up from 13 closed questions, each having two outcomes (yes ¼ 1/no ¼ 0), and thus adding up to a scale between 0 and 13. 26 The scale was categorised in tertiles.
Smoking habits and alcohol consumption were assessed by the standardised questionnaire from the MONICA study 27 and the Belgian Heart Disease Prevention Project, 28 respectively.
Physical activity. The shortened and validated part of a MONICA substudy (MOSPA) was used. 29 Job characteristics. The Karasek's questionnaire 30 with a total of 18 standardised questions includes nine questions on psychological job demands and nine questions on control or decision latitude. We used an algorithm to replace up to one missing value per scale: this missing value was given the mean score computed from the set of remaining valid scale items for that particular respondent picking up 5% more valid cases at most. These two scales were combined using sex-specific medians and categorised into two: strained jobs (high demands, low control) and all other jobs. These two scales proved to contain acceptable internal consistency (Cronbach's a between 0.66 and 0.87 in men and between 0.66 and 0.88 in women) and scale validity in the Belstress cohort. 31 In addition, a scale of total physical demands at work were used, 32 dichotomised using gender-specific medians.
Depression. The Iowa short version (11 items) of the original CES-D scale 33 developed by Kohout et al was used. This short version has been validated in elderly subjects 34 and in women. 35 This variable has been categorised in tertiles.
Anxiety. We used the subscale from a short version 36 of the Psychiatric Symptom Index.
37
Social support outside the work. The standardised questionnaire of Berkman and Syme (social contacts with relatives and friends) was used. 38 Type of coping. Scales of the three main types of coping with stress described by Amirkhan were used: 39 problem-solving coping, social support coping and avoidance coping. The variables listed below were recorded during a clinical examination. A training period of 1 day was organised for the medical staff of the companies in order to standardise all the procedures. For more details, see Coetsier et al.
40
Anthropometric data. Anthropometric data refer to the height and weight from which body mass index (BMI) was computed. BMI was categorised using the usual cut-points: r25 kg/m 2 /from 25 to 29.9 kg/m 2 /Z30 kg/m 2 . We used the waist circumference as an indicator of central obesity. Waist Obesity, body fat distribution and incidence of sick leave in the Belgian workforce M Moreau et al circumference was measured within 5 mm mid-way between the lowest rib and the iliac crest, with the subject standing at the end of gentle expiration. Waist circumference was categorised using the action level cutoffs proposed by Lean et al:
3,41 action level 1 (men: o94 cm/women: o80 cm); action level 1-2 (men: from 94 to 101.9 cm/women: from 80 to 87.9 cm); action level 2 (men: Z102 cm/women: Z88 cm). Pregnant women were excluded from the analyses.
Blood pressure elevation (yes/no). Hypertension was defined as having a systolic blood pressure above 140 and/or a diastolic blood pressure above 90 mmHg with or without treatment.
Biology. Total cholesterol dichotomised (r5.0 mmol/l and above), HDL cholesterol dichotomised (r1.0 mmol/l and above) and fibrinogen in gender-specific tertiles.
The CHD prevalence at baseline was assessed by ECG using the Minnesota code. 42 Subjects having a code I 1,2,3 or/and IV 1,2,3 or/and V 1,2 or VII 1 were considered as probable or possible 'ischaemic ECG' at baseline.
Sick leave
All workers who participated in the baseline examination agreed to be followed for sick leave. Computerised sickness absence records were obtained from 24 out of the 25 companies during 12 months following the baseline examination. The lengths of spells were computed on a calendar basis. Partial days off from work were counted as full days. As the recording of sick leave in Belgium is strictly ruled under law requiring medical certification and is related to the management of salaries, we expect little incorrect reporting in this respect. All the workers with a follow-up less than 1 y (deceased persons, (pre)-retirement, dismissals, resignation, lost to follow-up) were excluded from the analyses. We also excluded absenteeism due to maternal leave. Finally, a total of 20 463 workers (15 557 males and 4906 females) were followed for sick leave during a complete year. The 75th percentile (P75) of the distribution of the total annual sickness days was used as cutoff to classify the workers with a high 1-y incidence rate of sick leave. The 75th percentile was 10 and 15 days for men and women, respectively. As different types of sick leave are related to different problems, 43, 44 we defined more specific end points such as short spells (at least one short spell (p7 days) per year) and long spells (at least one long spell (X7 days) per year). Short spells of sickness absence represented 65.8% of all sick leave in men and 65.2% in women.
Statistical analyses
All the analyses were performed separately for men and women. For the univariate analyses, we used the w 2 test. In order to control for a possible type I error due to the multiple analyses performed, we used a level of significance of 1% (a ¼ 0.01) in all analyses. Accordingly, 99% confidence intervals (99% CI) were calculated. Age-adjusted ORs and their 99% confidence intervals were calculated using logistic regression. Multiple logistic regression was relied upon to select the predictive factors of high sick-leave incidence and long spells, using a backward procedure based on the likelihood ratio. The criterion for variable removal and entry was set up to 0.10 and 0.05, respectively. The variables entered initially in the logistic regression equation derived from an adapted model proposed by Bjorntorp 14 (Figure 1 ). 
Only subjects with complete data were kept in the multivariate analyses.
The Hosmer and Lemeshow test has been used to test the fitting of the models. 45 All analyses were done in SPSS 10.0
for Windows. The study has been approved by the medical ethics committee of the faculties of medicine of the Brussels Free University and Ghent University.
Results
Uni-and bi-variate analyses Among the participants, 49.3% of males and 28.4% of females had a BMI between 25 and 29.9 kg/m 2 , whereas 13.3% of males and 12.6% of females had a BMI Z30 kg/m 2 ( Figure 2 ). In men, 28.6% had a waist circumference between 94.0 and 101.5 cm, whereas 20.7% had a waist circumference Z102.0 cm. In women, 22.7% had a waist circumference between 80.0 and 87.5 cm, whereas 24.2% had a waist circumference Z88.0 cm (Figure 3) .
Regarding the relation with sickness absence, we observed in both genders that a high incidence of sick leave (total sickness absence days Z75th percentile) as well as long spells of sick leave were statistically associated with both obesity and abdominal fatness. Thus, nearly 23% of men with a waist circumference under 94 cm have a high annual incidence of sick leave (P75), whereas this percentage increases to nearly 32% among those with a waist circumference Z102 cm (Po0.001) ( Table 1 ). The same pattern was observed for BMI and for long spells of sick leave. After adjustment for age, the same associations persist in both genders (Table 2) . Thus, women with a waist circumference Z88 cm have a 1.55-fold increase in the age-adjusted risk of having a high incidence of sick leave compared to those with a waist circumference under 80 cm (Po0.0001). The odds ratios observed for BMI and for long spells of sick leave are more or less of the same magnitude.
No association was found between waist circumference or BMI and short spells of sickness absence.
Multivariate analyses
Variables selected by the backward procedure are listed in Figures 4-7 . A major finding was that whatever the gender and the end point, BMI was selected as predictor of sick leave in none of the logistic regression models.
Adjustments for the variables of model 1 reduced the association between waist circumference and sick leave, which remained statistically significant. Compared to those with a waist circumference under 94 cm, men Z102 cm had an increased risk of having a high annual sick-leave incidence (OR of 1.31 (99% CI 1.12-1.52), Po0.0001) (Figure 4 ). In women, adjusting for these variables reduced also the association between waist circumference and sick leave, which remained also statistically significant. Compared to those with a waist circumference under 80 cm, women Z88 cm had an increased risk of having a high annual sick-leave incidence (OR of 1.47 (99% CI 1.14-1.90), Po0.0001) ( Figure 5 ). In the following models (models 2 and 3), we tested the respiratory symptoms and health perception as potential mediators between obesity and sick leave. In both genders, adjustments for these variables reduced the association between waist circumference and sick leave, which remained significant. Thus, compared to those with a waist circumference under 94 cm, men Z102 cm had an increased risk of having a high annual sick-leave incidence (OR of 1.27 (99% CI 1.09-1.49), Po0.0001) after adjustment for respiratory problems (model 2). Adjustments for health perception (model 3) reduced the association in the same proportion. The same pattern was found for long spells of sickness absence in both genders. Thus, compared to those with a waist circumference under 94 cm, men Z102 cm had an increased risk of having long spells of sickness absence with an OR of 1.31 (99% CI 1.12-1.54, Po0.001) in model 1, Obesity, body fat distribution and incidence of sick leave in the Belgian workforce M Moreau et al 1.25 (99% CI 1.07-1.47, Po0.0001) in model 2 and 1.24 (99% CI 1.05-1.44, Po0.0001) in model 3 ( Figure 6) . In model 4, we tested diabetes and coronary heart disease as potential mediators between obesity and sick leave. In both genders, adjustments for these covariables did not change much to the association observed between waist circumference and sick leave in model 1.
Finally, from the ORs obtained in the multivariate analyses and the results shown in Figure 2 , we estimated the impact of reducing weight/waist circumference on the incidence of Obesity, body fat distribution and incidence of sick leave in the Belgian workforce M Moreau et al sick leave (number of sick days above the 75th percentile) by calculating the attributable fraction among exposed workers and multiplying it by the prevalence of exposition. The percentage of all high sick leave attributed to central obesity is 4.9% ((1.31-1.00)/1.31 Â 20.7%) in men and 7.8% ((1.47-1.00)/1.47 Â 24.2%) in women; if we assume that the association is reversible, 499 and 936 workdays per year and per 1000 workers lost because of sickness can be saved by preventing central obesity.
Discussion
Reliability and validity of the study This study was prospective, relying on the external and objective sources for collecting standardised sick-leave data.
In the 24 companies, sick-leave data are gathered for purposes of paying wages and can, therefore, be considered as being both a reliable and a valid measure. As recommended by Liberatos et al, 24 all the analyses were done using two measures of socio-economic status (education and occupation). Contrary to most of previous studies, we were able to adjust for a wide variety of sociodemographic variables and confounding co-variables using a conceptual model. Moreover, we analysed obesity using both BMI and waist circumference. However, several limitations of this study need to be discussed. As it is forbidden, for ethical reasons, to follow subjects who refused to participate in an epidemiological study, at least in Belgium, we could not compare individuals who refused to those who accepted to participate. In a cohort study, selection bias due to a low participation rate is Obesity, body fat distribution and incidence of sick leave in the Belgian workforce M Moreau et al unlikely to occur, as exposure is ascertained before the development of the outcome. However, an initial selection bias cannot be ruled out and generalisation of results should be taken with some caution. Still, the associations observed between predictors and outcomes in the participating cohort remain valid.
Due to privacy matters, it was not possible to make the distinction between absenteeism due to sickness and to work accident in some companies. For companies where it was possible to do so, work accidents accounted only for 2.9% of the total number of sickness absence days, which will not influence the main results. Although BMI or waist circumference are not the best measurements of either obesity or body fat distribution, they are convenient for epidemiological purpose and are good predictors of various diseases and symptoms. 4 
Discussion of the results
The prevalence of obesity in our study is somewhat greater than in another study 18 realised in the Belgian workforce.
With regard to the relation between obesity and sick leave, our results are consistent with reports of previous studies showing a significant association between sick leave among male and female workers and obesity. 1, [17] [18] [19] [20] 46 Four of these studies were studying only global obesity 17, 18, 46 Obesity, body fat distribution and incidence of sick leave in the Belgian workforce M Moreau et al these studies did not take into account many important covariables such as job stress, depression, anxiety, coping, etc.
In contrast with another study in Belgium, 18 our study found only an increased risk of sick-leave incidence in the highest categories of obesity (waist circumference or BMI). In uniand bi-variate analyses, both BMI and waist circumference were associated with sick leave, except for short spells of sick leave. This is consistent with previous studies showing that long-term sickness absences are best viewed as a measure of morbidity, 43, 44 whereas short spells are more influenced by psychosocial factors. 44 In both genders, multivariate analyses show waist circumference to be an independent predictor of sick leave but not BMI. Sick leave being a measure of ill health, it seems that only abdominal obesity significantly increases ill-health. This is in accordance with studies showing that intra-abdominal adipose tissue has more specific metabolic characteristics known as the 'metabolic syndrome', and is associated with the most important risk factors of disease. 1 In search for mediators between abdominal obesity and sick leave, more elaborated models point to baseline respiratory symptoms or perceived ill health as the possible explanations (models 2 and 3). We observed the relation between central abdominal fatness and sick leave to be more important among women. In women, abdominal obesity has been associated with hyperandrogenism, which has been suggested to have a triggering effect on the supposed main driving power of the metabolic syndrome: the insulin resistance. 9, 10 This gender difference was also observed in another study, 18 but it concerned the association between BMI and sick leave. Although there is some evidence of a possible causal link between waist circumference and CHD, 47 it is surprising that the association between waist circumference and sick leave is not mediated by baseline CHD and diabetes in both genders. It can be explained by the low prevalence of these diseases in our sample (less than 5%) and the fact that probably only workers without major disability are working (selection bias).
It is important to note that ORs obtained in the multivariate analyses are probably underestimated due to the selection of healthy workers ('Healthy Worker Effect') and the fact that we excluded from the analyses all persons who left the study during the first year of follow-up.
A strategy of reducing obesity and especially abdominal fatness could have a significant impact on public health and productivity, and could be confirmed in a experimental study.
Conclusions
In this study, obesity was related with the total duration of sickness absence and long spells of sickness absence independently from most of the potential confounders. Although a previous study 48 showed that surgical treatment of obesity results in a reduction of sick leave, it could be interesting to evaluate the effect of more traditional treatments of obesity. The initial target population should be those who are at the highest risk of complications from obesity (men with waist Z102 cm, women with waist Z88 cm). The impact of weight/waist reduction on sick leave could be analysed and the overall benefit of such strategy could be studied.
